T HE purpose of this study is the development of analytical method for simultaneous determination of water-soluble vitamins (B 1 , B 2 , B 3 , B 6 , B 9 , B 12 and vitamin C) in dietary supplement syrup, multivitamins and mineral dietary supplement syrup with iron, dietary supplement capsules and balanced supplemental nutrition for children and adult gum by using gradient RP-HPLC methods with PDA detector andcalculating the uncertainty for each matrix of analytical results based on the information from the validation process. The separation of water-soluble vitamins was performed on waters Spherisorb ODS2 (250 mm×4.6mm, 5μm) column. The wavelength was 272 nm at room temperature and the detection limits ranged from 2.4 to 8.3 ng/µl. The average recovery was 98%-102 % and correlation coefficient (r) was 0.9997 to 1.
Introduction
Vitamins are organic nutrients required by the body to ensure normal growth and metabolism [1] . Vitamins are classified as micronutrients which exist in food in small quantities, and macronutrients as protein, carbohydrates and fats [2] . Although vitamins are essential for the prevention of several diseases and the maintenance of good health, the human body cannot make vitamins and it must get them from different foods and dietary supplement which are considered as vitamin supply [1] [2] [3] . The importance of vitamins in nutrition was understood in the 1920s and 1930s, where lack of them can cause various diseases in humans, and small concentrations are required to maintain good health [1, 2] . Because of the critical role of vitamins in nutrition, qualitative and quantitative analyses are important issues and a challenging task for food manufacturers. Water soluble vitamins are thiamine (B 1 ), riboflavin (B 2 ), pyridoxine HCL (B 6 ), cyanocobalamin (B 12 ), nicotinic acid (B 3 ), folic acid (B 9 ), pantothenic acid (B 5 ), and vitamin C. Complex vitamins B and vitamin C cannot be stored in human tissues. Their excess is excreted with urine, but excess amounts of fat-soluble vitamins stored in adipose tissues and in the liver [1] . Nutraceuticals is any non-toxic food component or nutrient that provides medical or health benefits, including disease treatment or preventions. Nutraceutical mainly consists of Nutrients: substances have established nutritional functions e.g vitamins, minerals, amino acids, Herbals/ Phytochemicals as Herbs or Botanical Products (fatty Acid) and /or Dietary Supplements as Probiotics (helpful Bacteria), Prebiotics (digestive Enzymes), Antioxidants, Enzymes. Nutraceuticals are classified according to natural source, pharmacological condition and Chemical Constituent [4, 5] . However, in case of real samples that may include vitamins and proteins, adsorption to the electrode surface is a serious problem [6] . On the other hand, the common Official analytical method is non-specific, tedious and time consuming as these methods involve pretreatment of the sample through physical, biological and complex chemical reactions to eliminate the interferences found [7] ; it followed by individual methods for each different vitamin. The determinations of vitamins B and vitamin C in food were performed by spectrophotometry [8] , electrochemical method [9, 10] , capillary electrophoresis [11] . HPLC method is a powerful tool for rapid analysis of pharmaceuticals and food staffs [12, 13] . It was used for more complicated mixtures of two or more vitamins [14] [15] [16] [17] [18] [19] [20] with gradient elution program. The separations take place on normal-phase, ion-pairing, and reversedphase chromatography columns.
As an extension of previous studieson fat soluble vitamins in milk powder, infant formula and edible oils [21, 22] , the present work was undertaken to develop a rapid and convenient method for simultaneous determination of watersoluble vitamins (B1, B3, B6 B9, B2, B12, and vitamin C) in some nutraceutical supplements. The developed method is simple, rapid, more sensitive with high accuracy and low RSD of retention time and peak area. The sensitivity and specificity of this method allowed a lower detection limits of the analytes. Therefore, the applied chromatographic system was successful for simultaneous separation and quantitative determination of the seven vitamins from their products in a single chromatographic run with high resolution and precision. Moreover, this method was developed to be convenient for the determination of high and low concentration vitamin in different matrices with different fat content.
Materials and Method

Apparatus and chemicals
HPLC (Shimadzu LC-20, Japan), Centrifuge (Pro-Research, UK), pH-meter (Jenway3310, British), Mixer (Falk, Germany) and Ultra-sonic bath (Elma, Germany) were used in this study.
Dietary supplement milk, syrupy, capsules from Egypt companies.
Preparation of vitamins solution
The mixtures of water-soluble vitamins were prepared by dissolving 100 mg of Thiamine hydrochloride, nicotinic acid, folic acid, pyridoxine hydrochloride, vitamin C, cyanocobalamin, riboflavin in 500 ml of 4% ion pair agent (TCA). The standard solution was kept in the dark at 4 °C and was prepared fresh daily. This stock was used for preparation of more dilute solutions by appropriate dilutions.
Extraction of samples
Five grams or 5 ml of homogenized capsules, syrupy or powder were weighed, completed to the mark in 10 ml measured flask by using 4% TCA, mixed for 5 min, centrifugated for 15 min (6000 RPM), filtered by using 0.45 µm filter membrane and injected in HPLC instrument.
Method
High performance liquid chromatographic method was used for the determination of watersoluble vitamins. Separation was performed on a Waters Spherisorb ODS2 (250 mm × 4.6mm, 5μm) column. Gradient elution was performed with a mobile phase consisting of 0.2 g heptane-1-sulfonic acid sodium salt in deionized water: methanol (90:10, v/v) of pH 3 (solvent A), and 0.2g heptane-1-sulfonic acid sodium salt in deionized water: methanol (30:70, v/v) of pH 3 (solvent B) at the flow rate 0.6 ml min−1. Starting with 100 % solvent A then the composition was changed gradually during next 30 min to reach 100% of solvent B. The measurements were carried out at wavelength 272 nm, at room temperature with 0.6 ml min -1 flow rate.
Applied Hydrophobic-Subtraction Model
In present study,the H-S model was applied to explain chromatographic behaviours of the analytes. For column selectivity comparison, besides the column information provided by the manufacturers, column parameters as H (Column hydrophobicity), S(Steric selectivity), B (column hydrogen bond basicity), A (Column hydrogen bond acidity) and C (cation exchange) obtained from H-S model are also conservatively used to interpret the stationary phase/analyte interactions when appropriate.
Stability study of water-soluble vitamins
Stability of seven water soluble vitamins was tested in three different pH conditions (acidic, basic and neutral) over a 24 hour at ambient temperature by using spectrophotometric.
-Thiamine was stable in acidic and neutral pH but steadily degraded over a one-day period and degradation was observed for the neutral condition.
-Riboflavin is degradation in basic solution but more stable in the acidic and neutral pH ranges.
-Nicotinic acid and pyridoxine were the most stable at different pH conditions.
-Folic acid is stable under neutral pH but decrease under acidic and basic pH.
-Cyanocobalamin is degradation in basic pH but more stable in the acidic and neutral pH ranges.
-Ascorbic acid is the least stable of water-soluble vitamin of all with degradation being observed under acidic, neutral and basic pH conditions. It degraded extremely fast under basic pH after 5 hours.
Results and Discussion
Low cost and less consuming solvent HPLC method is the most suitable for the determination of multivitamin and mineral dietary supplement and in different matrices with different fat content because it has many advantages. It is highly precise, accurate, sensitive, and selective which give broad linear range with good correlation coefficient and good recovery. The chromatographic method was selected based on optimized gradient elution, modifier of mobile phase, types of column and other LC parameters.
The gradient elution is most frequently used in chemical separation. Table 3 and Fig. 2 showed that gradient-3 was preferred because it gives high resolution chromatogram. The low pH is suitable for analysis of ionic compounds by reversed phase column to avoid secondary interaction between ionized silanols on the silica surface and positive charge compounds [20] . In this method,pH 3the most suitable of mobile phase as shown in Fig.  3 . The use of PDA detector, in the present study, gives higher signal to noise ratio than UV-VIS detector. Moreover, the slope of calibration curve of each standard in this method is higher than that previously reported methods [23] [24] [25] . Therefore, our developed method is more sensitive. Furthermore, in a previous study [26] , ion-paired reagents, such as trifluoroacetic acid (TFA) and acetic acid were used for improving the separation of vitamins. However, TFA has UV cutoff below wavelength 240 nm, resulting in a shifted baseline and decreases the sensitivity. In the present study, heptane-1-sulfonic acid sodium salt was used instead of TFA to decrease the retention time and to give a sharp peak area hence increases the sensitivity. In addition, the use of suitable wavelength at 272 nm resulted in enhancing the signal and increases the sensitivity. Moreover, in this method, the relative standard deviation (RSD) of peak area is less than 5, therefore it is method more sensitive. Finally, the selection of Waters Spherisorb ODS2 column in the present study, gives sharper peaks with high sensitivity due to less band broadening.
Due to low concentrations of B 9 in nature, there is a critical need for preconcentration to facilitate their isolation and purification from a complex matrix like dietary supplement samples. Solid phase extraction (SPE) has been introduced for sample preparation. In this method,due the low limit of detection,there is no need for preconcentration for vitamin B 9 .
New approach for calculating uncertainties of analytical results based on the information from the validation process is proposed. This complements the existing approaches proposed to date and can be applied to any validated analytical method. The total uncertainty calculated by
Selection of the appropriate column by chooses the suitable physical properties.
Benefits of this approach are small initial time investment, time savings in the HPLC laboratory, more informed approach to column selection and more efficient than trial and error approach. There were five different types of chromatographic columns that have been used for separation of some water-soluble vitamins; intersil ODS and a waters spherisorb ODS2,Zorbax C18, Water Spherisorb ODS and Lichrospher 100 Rp18. The present study showed that Waters spherisorb ODS2 was give high resolution chromatogram. Physical parameters such as column dimensions are length and internal diameter of packing bed, particle Size (Spherical or irregular) is The average particle diameter, typically 3-20 µm, surface area ( m2/g ) is Sum of particle outer surface and interior pore surface, pore size is average size of pores or cavities in particles, ranging from 60-10,000Å,carbon load (% C) is amount of bonded phase attached to base material, end capping is Capping of exposed silanols with short hydrocarbon chains after the primary bonding step and embedded groups are provided by the column manufacturers. These parameters tell little about chromatographic performance of the bonded phases. The nature of which is important to the selectivity of the columns towards the analytes of interest. Choosing the appropriate HPLC column should be based both upon knowledge of the sample as molecular weight of seven water soluble vitamin less than 2000 so the pore size ≤ 150A° and in this case the goals for the separation method is separate multi components analysis(seven water soluble vitamins) so we need high large column 
Resolution measurement of waters spherisorb ODS2 column
The results listed in Table 1 show the column parameters for an optimum separation of watersoluble vitamins. The capacity factor [K= (RT 1 -RT 0 ) / RT 0 ], separation factor S=k 2 /k 1 and the resolution [R=2(RT 2 -RT 1 )/ (W 2 +W 1 )] were ranged in (1-9.9), (1.1-2) and (1.5-7), respectively, for water soluble vitamins separated on Waters spherisorb ODS2 column.
The column selectivity, originally called the separation factor (S), is defined as the ratio of the capacity factors of two adjacent peaks. When the value of S ≥ 1, this means that we obtained base lines separation for all the eluted mixtures [27] .
A resolution value of 1.5 or greater between two peaks will ensure that the sample components are well separated [27] .
Optimization for separation of some watersoluble vitamins.
The optimization work mainly depends on the choice of UV wavelength and the addressed program of the chromatographic elution, to maximize both resolution and sensitivity. So, the contents of mobile phases were 0.2 g heptane-1-sulfonic acid sodium salt in deionized water: methanol (90:10, v/v) adjusted to pH 3 (solvent A), and 0.2g heptane-1-sulfonic acid sodium salt in deionized water: methanol (30:70, v/v) adjusted to pH 3 (solvent B).
It was obvious from Table 2 and Fig. 2 that gradient-3 was preferred because a resolution value of 1.5 or greater between two adjacent peaks will ensurethat the sample components are Retention times (RT), capacity factors (K), separation factors(S), Column efficiency (N), Resolution (R) and peak width (W) show optimum condition for separation of water-soluble vitamins.
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Fig. 2. Chromatograms for RP-HPLC simultaneous vitamins separation gradiant-3
well separated to a degree at which the area of each peak may be accurately measured and give vitamin C and six vitamins B with good resolution.
The effect of pH on the retention time of some water-soluble vitamin's standards
In the present study the effect of different pH values on the retention time of standards was studied by using two solvents (A and B); the pH of these solvents varied between ranges 2-7 by adding a few drops of sodium hydroxide or acetic acid. It was not possible to cover pH range less than 2 and more than 8 due to instability of the packing over the region since alkaline solution dissolves the silica support and at low pH breaks the Si-O linkage.
The curves show change of retention time of some water-soluble vitamins with the change of pH of mobile phase. The optimum pH obtained for best separation of water-soluble vitamins is at pH 3, because a resolution value of 1.5 or greater between two adjacent peaks will ensure that the sample components are well separated to a degree at which the area of each peak may be accurately measured (Fig. 3) .
The effect of flow rate on separation of watersoluble vitamins
HPLC column is affected with change of flow rate because of changes of pressure and analysis time. A high flow rate may reduce the analysis time but may adversely affect the quality of chromatography, as it may not permit sufficient time for analyte separation and interact with stationary phase. Table 4 and Fig.  4 show that, the retention time of water soluble vitamins changes with the flow rate (0.6 ml/ min to 1.2 ml/min); acceptable flow rate is (0.6 ml/min) which gave resolution value of 1.5 or greater between two adjacent peaks and this indicated that the sample components are well separated, but high flow rate not sufficient for separation of folic acid and cyanocoblamin, thiamin and riboflavin, and ascorbic acid and nicotinic acid, and give resolution value less than 1 between two adjacent peaks.
Calibration curves and method validation
Also, method validation studies were performed by measuring basic parameters such as precision, accuracy, linear region, limits of detec tion (LOD), and quantification (LOQ) [28] , precision by using one-wayanova and recovery (Tables 3 and 4 ). 
Detection limits of vitamins
Quality control chart of water soluble vitamins
In present work, we have applied the developed method on standard reference material® 1849 to calculate the bias and draw quality control chart for each standard that is found to be accepted according to West Gard rules.
Quality control chart of vitamin B 1 10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceuticals method Mean =1.26 mg/100 g, SD=0.049 Quality control chart of vitamin B 2 10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceutical method Mean =2.037 mg/100 g, SD= 0.026
Quality control chart of vitamin B 6 10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceutical method Mean =1.34 mg/100g, SD= 0.0465 Egypt. J. Chem. 62, No. 12 (2019) FAST AND EFFICIENT RP-HPLC METHOD FOR SIMULTANEOUS DETERMINATION .. Quality control chart of vitamin B 9 10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceuticals method Mean =22.93 mg/100 g, SD= 0.31
Quality control chart of vitamin B 12 10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceuticals method Mean= 0.482 mg/100 g, SD= 0.0425
Quality control chart of vitamin C
10 samples of standard reference material ® 1849a detected by the same method of the food and nutraceuticals method Mean =78.4 mg/100g, SD= 3.25 
Uncertainty of water-soluble vitamins
While verifying the accuracy of the measurement, the analyst generates information about different intermediate precision estimates. Since these estimates have been obtained by varying the factors that affect the measurement result representatively, they take into account the uncertainties of different steps in the analytical process. For instance, uncertainties due to the separation of the analyte of interest, matrix effects, environmental conditions, instruments or operators are considered as long as the factors that influence them are varied representatively. However, there may be other sources of variation which have not been considered in the assessment of accuracy. These sources may be related to global factors or local factors. The global factors are inherent to the measurement process. Therefore, these sources of uncertainty must always be considered in the overall uncertainty. They may be related to uncertainties not considered while assessing the accuracy or to the bias of the reference. Uncertainty of Bias% from CRM for balanced supplemental nutrition for children 1-10 years and spiking sample for other samples.
True value from certification for CRM Combined Uncertainty (Uc)
All the standard uncertainties for the individual sources of variation must be combined to produce an overall uncertainty for the measurement. Combined Uncertainty Precision by using one-way ANOVA to calculate reproducibility and repeatability. Expanded Uncertainty (UE)
The combined standard uncertainty is then multiplied by a coverage factor, k, to provide an Expanded Uncertainty. For most purposes a value of 2 is used for k yielding a confidence level of approximately 95%.
Expanded uncertainty (UE)% = Uc × K K: is a coverage factor Table 6 shows the found and label concentrations of vitamin C, B 1 , B 2 , B 3 and B 6 in multivitamins and mineral with iron syrup, it was found to be 53.00±3.30, 50, 1.05±0.06, 1, 0.99±0.01, 1, 4.80±0.05, 5 and 0.48±0.02, 0.5mg / 5 ml, respectively. The recoveries were found to be 106%, 105%, 99%, 96% and 96%, respectively. 1.68 Table 7 shows the found and label concentrations of vitamin B 1 , B 2 , B 3 , B 6 , B 9 and B 12 in vitamins and mineral dietary supplement syrup, it was found to 1.20±0.07, 1.14 mg / 5 ml, 0.89±0.01, 0.9 mg / 5 ml, 11.00±1.2, 10 mg / 5 ml, 1.05±0.06, 1 mg / 5 ml, 54±4.4, 50 µg / 5 ml and 1.78±0.03, 1.8 µg / 5 ml, respectively. The recoveries were found to be 105.3, 98.9%, 110%, 105%, 108% and 98.9%, respectively. Table 9 shows the concentrations of vitamin C, B 6 and B 9 in adult gum, it was found to be 28.9±1.5, 30 mg / gum, 0.96±0.05, 1 mg / gum and 198.9±5.51, 200 µg / gum, respectively. The recoveries were found to be 96.3, 96% and 99.45%, respectively. 12 and C, respectively, with good linearity and good correlation coefficients (R 2 ). Mean recoveries obtained were in the range of 98-102% which ensures the success of the method. The extraction and separation using high-performance liquid chromatography exhibited high response, sensitivity and fast separation.
